including environmental chemicals and many therapeutic drugs. This enzymatic action converts lipophilic and sometimes reactive epoxides to more polar 1,2-diols. It also activates (pro)toxins and (pro)carcinogens ( 1, 2 ). In addition to xenobiotic metabolism, EPHX1 regulates endogenous steroid metabolism ( 3 ), bile acid transportation ( 4 ), and the vitamin K1 reductase complex that is responsible for vitamin K1 oxide reduction activity ( 5 ). While a number of diverse functions of EPHX1 have been demonstrated, only a few naturally endogenous substrates for EPHX1 have been characterized ( 3, (6) (7) (8) .
including environmental chemicals and many therapeutic drugs. This enzymatic action converts lipophilic and sometimes reactive epoxides to more polar 1,2-diols. It also activates (pro)toxins and (pro)carcinogens ( 1, 2 ) . In addition to xenobiotic metabolism, EPHX1 regulates endogenous steroid metabolism ( 3 ), bile acid transportation ( 4 ) , and the vitamin K1 reductase complex that is responsible for vitamin K1 oxide reduction activity ( 5 ) . While a number of diverse functions of EPHX1 have been demonstrated, only a few naturally endogenous substrates for EPHX1 have been characterized ( 3, (6) (7) (8) .
2-Arachidonoylglycerol (2-AG) is a highly abundant endogenous ligand for the cannabinoid receptor type 1 (CB1) (9) (10) (11) . Through the activation of CB1, 2-AG plays a major role in a variety of physiological processes. The actions of 2-AG are tightly regulated by enzymatic hydrolysis, a major deactivation pathway. Monoacylglycerol lipase (MGL) ( 12, 13 ) and possibly FA amide hydrolase (FAAH) ( 14 ) are responsible for hydrolysis of 2-AG to free arachidonic acid (AA) and glycerol. Non-FAAH or non-MGL enzymes in porcine membranes ( 15 ) and mouse microglial cells ( 16 ) have been demonstrated to hydrolyze 2-AG. Recent studies discovered two integral membrane enzymes, ␣ / ␤ -hydrolase fold 6 and 12, that contributed to ‫ف‬ 4% and 9% of total 2-AG hydrolysis, respectively, in mouse brain membrane ( 17, 18 ) .
The amino acid sequence of human EPHX1 indicates an epoxide hydrolase N terminus at the amino acids 50-Abstract Microsomal epoxide hydrolase (EPHX1, EC 3.3.2.9) is a highly abundant ␣ / ␤ -hydrolase enzyme that is known for its catalytical epoxide hydrolase activity. A wide range of EPHX1 functions have been demonstrated including xenobiotic metabolism; however, characterization of its endogenous substrates is limited. In this study, we present evidence that EPHX1 metabolizes the abundant endocannabinoid 2-arachidonoylglycerol (2-AG) to free arachidonic acid (AA) and glycerol. The EPHX1 metabolism of 2-AG was demonstrated using commercially available EPHX1 microsomes as well as PC-3 cells overexpressing EPHX1. Conversely, EPHX1 siRNA markedly reduced the EPHX1 expression and 2-AG metabolism in HepG2 cells and LNCaP cells. A selective EPHX1 inhibitor, 10-hydroxystearamide, inhibited 2-AG metabolism and hydrolysis of a well-known EPHX1 substrate, cis -stilbene oxide. Among the inhibitors studied, a serine hydrolase inhibitor, methoxy-arachidonyl fl uorophosphate, was the most potent inhibitor of 2-AG metabolism by EPHX1 microsomes. These results demonstrate that 2-AG is an endogenous substrate for EPHX1, a potential role of EPHX1 in the endocannabinoid signaling and a new AA biosynthetic pathway. - 
Cell culture
HepG2 cells were maintained in essential modifi ed Eagle's medium (Invitrogen) supplemented with 10% fetal bovine serum, sodium pyruvate (100 mM), L -glutamine (2 mM), streptomycin (100 µg/ml), and penicillin (100 U/ml). PC-3 and LNCaP cells were maintained in RPMI 1640 medium as previously described ( 26 ) . Cells were grown in 75 cm 2 polystyrene tissue culture fl asks at 37°C in 5% CO 2 in air. (30 g ) from BD Biosciences or Sigma-Aldrich in PBS buffer containing essentially FA-free BSA (1 mg/ml) at 37°C for 15 min at pH 7.4 or 9.0. Samples were extracted by solid phase extraction as previously described ( 27 ) . Samples were separated by HPLC using a C 18 reverse phase column (4.6 × 250 mm 2 , Nucleosil, Phenomenex) and water-acetonitrile containing 0.1% acetic acid as a mobile phase at a fl ow rate of 1.0 ml/min. The mobile phase started at 50% acetonitrile and linearly increased to 100% acetonitrile in 35 min. The eluent was collected at 5 fractions/min and counted for radioactivity. The retention times of the radioactive peaks of [ 
Determination of hydrolysis of [

Determination of hydrolysis activity of EPHX1
2-AG* was used as enzyme substrate for determination of 2-AG hydrolysis activity, and AEA* ( 3 H-labeled on the ethanolamine moiety) was used as a substrate for determination of AEA hydrolysis activity. The percent hydrolysis of 2-AG* and AEA* was determined as previously described ( 26 ) and normalized to the hydrolysis of the control (as the relative hydrolysis activity). 
Determination of 2-AG hydrolysis by EPHX1 using LC-ESI/MS
Determination of cSO metabolism by GC-MS
After the incubation of cSO, a known substrate for EPHX1, with the membrane fractions of PC-3 cells overexpressing EPHX1, the amount of unhydrolyzed cSO was determined by GC-MS (H/P 5890 GC coupled to the H/P 5971 MS, HewlettPackard, Palo Alto, CA). The peak area of the selected m/z 167 was used to quantify cSO as compared with the standard curve.
161 and an ␣ / ␤ -hydrolase domain (ABHD) at the amino acids 178-395. The ABHD is commonly associated with esterase and lipase activities (19) (20) (21) (22) . Interestingly, previous structure-function studies in EPHX1 inhibition demonstrated that a number of long-chain FA derivatives or valproic acid derivatives are potent, partially competitive inhibitors of EPHX1-mediated hydrolysis of cis -stilbene oxide (cSO) or (S)-(+) styrene oxide, well-known EPHX1 substrates (23) (24) (25) . The results suggest that these compounds can bind to EPHX1 and may modify and/or interrupt the catalytic sites for the substrates. These results also suggest that ester compounds containing a long-chain unsaturated FA backbone may fi t in a catalytic binding pocket and be metabolized by EPHX1. In this study, we demonstrate that the long-chain unsaturated FA glycerol ester, the endocannabinoid 2-AG, is metabolized by EPHX1 to free AA and glycerol. It is not known whether EPHX1 contributes to 2-AG hydrolysis in vivo. The results suggest potential roles of EPHX1 in regulating endocannabinoid signaling and free AA biosynthesis.
MATERIALS AND METHODS
Materials
Microsomes of control, vector-transfected, and EPHX1-transfected human lymphoblasts were obtained from BD Biosciences Biosciences, were determined by Western immunoblotting. EPHX1 immunoreactive bands were detected at very low levels in the control and vector microsomes, while an intense immunoreactive band was detected in the EPHX1 microsomes ( Fig. 1A , left panel). Immunoreactive bands for MGL and FAAH were not detected in these microsomes at 30 g protein ( Fig. 1A , middle and right panels). These results indicate that EPHX1 microsomes contained high EPHX1 protein but contained MGL and FAAH at levels below detection by Western blot analysis at 30 g of microsomes.
Hydrolysis of 2-AG to AA by EPHX1 microsomes
To test that EPHX1 microsomes metabolize 2-AG to free AA and glycerol (shown in Fig. 1B ), two sets of experiments were performed. First, control and EPHX1 microsomes were incubated with [ 14 C]2-AG in PBS buffer containing essentially FA-free BSA (1 mg/ml) pH 7.4 at 37°C for 15 min, and radioactive products separated on a reverse phase LC. Fractions were collected and counted for radioactivity. In the second set of experiments, microsomes were incubated with 2-AG under the same conditions, and 2-AG and its metabolite (AA) were analyzed by LC/MS. The left chromatogram of Fig. 1C indicates the radioactive peaks comigrated with 2-AG standard and a small peak comigrated with 1/3-AG, rearranged regioisomers of 2-AG. The chromatogram also shows the radioactive reaction product that comigrated with the AA standard. LC/MS analysis of the incubation of 2-AG with EPHX1 microsomes also indicates the production of AA ( Fig. 1C ,  right panel) . These results indicate that EPHX1 microsomes convert 2-AG to free AA and glycerol.
Factors affecting 2-AG hydrolysis by EPHX1
2-AG hydrolysis by EPHX1 microsomes was determined in various reaction conditions. EPHX1 microsomes from two suppliers were incubated with 2-AG* ( 3 H-labeled on the glycerol moiety) as a substrate for 2-AG hydrolysis or AEA* ( 3 H-labeled on the ethanolamine moiety) as a substrate for AEA hydrolysis. 2-AG hydrolysis by control microsomes from BD Biosciences was also determined. The reaction was performed at 37°C in PBS buffer containing essentially FA-free BSA (1 mg/ml) at pH 7.4 for various reaction times. The percent hydrolysis of these substrates was determined as previously described ( 29 ) . At these conditions, the hydrolysis of 2-AG increased with incubation time and reached the maximum after 30 min ( Fig. 2A ) . The rate and extent of hydrolysis was similar with microsomes from the two suppliers ( Fig. 2A ) . The hydrolysis of 2-AG also took place in the basic solutions, at pH 9.0 ( Fig. 2A ) . In the presence of JZL184 (1-100 nM), a potent MGL-selective inhibitor ( 30 ), the 2-AG hydrolysis was not altered when compared with the control without JZL184 (data not shown), suggesting that the 2-AG hydrolysis in the EPHX1 microsomes was not from the activity of MGL (a major known enzyme hydrolyzing 2-AG). AEA was not hydrolyzed by the EPHX1 microsomes, further indicating that the 2-AG hydrolysis in EPHX1 microsomes was not from the activity of FAAH.
Overexpression of EPHX1 in PC-3 cells
PC-3 cells were chosen for EPHX1 overexpression because of their low level of endogenous EPHX1 expression. PC-3 cells, at ‫ف‬ 70% confl uence, were transfected with 5 g of purifi ed pCMV6-XL4 vector or purifi ed pCMV6-XL4 containing EPHX1 cDNA using Lipofectamine (0.1%, v/v) in Opti-MEM reduced serum media. Concentrations of cDNA and transfection times were initially optimized. After 5 h of transfection, RPMI 1640 feed medium was replaced with 10% serum feed medium and incubated for an additional incubation of 24 h posttransfection. Cells were lysed, and samples were separated for membrane fractions by centrifugation at 100,000 g at 4°C for 60 min. Then, EPHX1 enzyme activity for 2-AG hydrolysis in the membrane fractions was determined using 2-AG or [ 
EPHX1 gene silencing in HepG2 and LNCaP cells
HepG2 and LNCaP cells contain high EPHX1 expression and 2-AG hydrolysis activity. EPHX1 expression in HepG2 and LNCaP cells was knocked down using specifi c EPHX1 siRNA of four separate sequences. A functional nontargeting siRNA that was bioinformatically designed by Dharmacon Inc. to have у 4 mismatches with known human genes was included as a control (siControl). Different siRNA concentrations and transfection times were optimized for the maximal suppression of EPHX1 expression. Cells were transfected at 37°C in antibiotic-free medium with DharmaFECT1 alone, siControl, or EPHX1 siRNA. At 5 h posttransfection, the transfection medium was replaced with RPMI 1640 feed medium for 24 h, and cells were harvested for Western immunoblot analysis and enzyme activity.
Western blot analysis of EPHX1, MGL, and FAAH
Proteins in samples were electrophoretically separated by SDS-PAGE (Ready Gels) or Mini-PROTEAN TGX gels and transferred to a nitrocellulose membrane (BioRad). Blots were incubated with EPHX1 primary antibody (1:250) (BD Biosciences or Santa Cruz Biotechnology) or MGL primary antibody (1:200) or FAAH primary antibody (1:200), followed by HRP-conjugated secondary antibody. Protein concentrations and ␤ -actin or pan-cadherin were used as loading controls. Detection was made by using ECL Western Blotting Substrate (Pierce) and captured by Fuji fi lm Xray (Tokyo, Japan). Band densities were analyzed using Image J software from the National Institutes of Health.
Statistical analysis
The means of the measured values of each treatment group were compared using Student's t -test. Means were considered statistically different from one another if P < 0.05.
RESULTS
Presence of EPHX1, MGL , and FAAH in microsomes
The presence of EPHX1 and other major enzymes metabolizing 2-AG, MGL, and FAAH, in control microsomes, vector microsomes, and EPHX1 microsomes from BD relative 2-AG hydrolysis in a concentration-dependent manner ( Fig. 2D ) .
In another set of experiments, the relative 2-AG hydrolysis in membrane fractions of the nontransfected (control) PC-3 cells or PC-3 cells overexpressing EPHX1 was carried out in the presence of BSA or detergents such as CHAPS (4 mM), SDS (7 mM), and Pluronic F-127 (1%). The hydrolysis by membrane fractions of PC-3 cells overexpressing EPHX1 in the presence of BSA was signifi cantly higher than the nontransfected (control) cells. However, in the presence of detergents, the hydrolysis was significantly lower than the reaction in the presence of BSA and similar to the nontransfected (control) cells ( Fig. 2E ) . These results suggest that detergents interfere with the 2-AG hydrolysis activity by EPHX1.
EPHX1 gene manipulation and 2-AG hydrolysis
Two approaches were used to alter the EPHX1 expression and the 2-AG hydrolysis. First, the EPHX1 siRNA was used to knockdown EPHX1 in HepG2 and LNCaP cells, cells that contain high basal EPHX1 expression. The expression of EPHX1 in HepG2 and LNCaP cells is shown in Fig. 3 . For EPHX1 siRNA knockdown in HePG2 and LNCaP cells, the siRNA sense sequence -GAGGAAACUUUGCCACUUGUU 2-AG hydrolysis by EPHX1 microsomes was also determined in the presence of a NADPH regenerating system or under hypoxic conditions (<0.5% oxygen hypoxic chamber). The 2-AG hydrolysis by EPHX1 microsomes with the NADPH regenerating system was not signifi cantly different from the control reaction of EPHX1 microsomes alone ( Fig. 2B ) . The 2-AG hydrolysis by EPHX1 microsomes under the hypoxic conditions was not signifi cantly different from the normoxic (control) conditions ( Fig. 2B ) . These results suggest that the 2-AG hydrolysis by EPHX1 microsomes is not from other enzymes such as fl avincontaining monooxygenases, cytochrome c reductase, cytochrome b 5 reductase, or cytochrome P450 enzymes that might be present in the microsomes.
Next, the effects of other substrates of EPHX1 or EPHX2 were tested on the 2-AG hydrolysis. 14,15-Epoxyexicosatrienoic acid (14,15-EET, a known substrate for EPHX2) at 1 and 10 M was not hydrolyzed, and it did not signifi cantly alter the 2-AG hydrolysis by EPHX1 microsomes ( Fig. 2C ) . Styrene oxide (100 M) reduced the 2-AG hydrolysis by ‫ف‬ 18%. 2-AG was not hydrolyzed by the recombinant human EPHX2 in the same reaction conditions (at 37°C for 30 min) used for EPHX1 microsomes ( Fig. 2C ) . Interestingly, cSO, a known substrate for EPHX1, reduced the 4 (also EPHX1 microsomes from Sigma Chemical Co.) and 9.0; AEA hydrolysis in BD microsomes at pH 7.4. AEA was not hydrolyzed by EPHX1 microsomes. B: Effects of NADPH regenerating system and hypoxia on the relative 2-AG hydrolysis in EPHX1 microsomes. C: Effects of epoxide hydrolase substrates and EPHX2 on the relative 2-AG hydrolysis. 14,15-EET (a known substrate for EPHX2) at 1 µM and 10 µM did not alter the relative 2-AG hydrolysis by EPHX1 microsomes. Styrene oxide at 100 µM inhibited 2-AG hydrolysis by 18%. EPHX2 (5 g, 37°C for 30 min) did not hydrolyze 2-AG. D: Effects of cSO on the reduction of the relative 2-AG hydrolysis by EPHX1 microsomes. E: In the presence of BSA, the relative 2-AG hydrolysis in membrane fractions of PC-3 cells overexpressing EPHX1 increased as compared with the nontransfected (control) PC-3 cells. Detergents, CHAPS, SDS, and Pluronic F-127 diminished the relative 2-AG hydrolysis by the membrane fractions of PC-3 cells overexpressing EPHX1. The 2-AG hydrolysis in the presence of detergents was lower than in the presence of BSA and similar to the nontransfected (control) cells. The "% of control" represents the 2-AG hydrolysis in EPHX1-transfected microsomes under treatment and was normalized to the hydrolysis of 2-AG in EPHX1-transfected microsomes in the absence of treatment. Values are mean ± SEM (n = 3-6). *, signifi cantly lower than control with P < 0.01; # , signifi cantly higher than nontransfected (control) cells with P < 0.01; and **, signifi cantly lower than the relative 2-AG hydrolysis in the membrane fractions of PC-3 cells overexpressing EPHX1 the presence of BSA with P < 0.01. other experiments. EPHX1 siRNA markedly decreased EPHX1 protein expression in the membrane fractions of HepG2 cells ( Fig. 3A , left panel) and LNCaP cells ( Fig. 3B , left panel) as compared with the control and siControl. The 2-AG hydrolysis decreased in the membrane fractions of and antisense sequence -CAAGUGG CAAAGUUUCCUCUU yielded the best knockdown, and the sense sequence -UGAAAGGCCUGCACUUGAACC and antisense sequence -UUCAAGUGCAGGCCUUUCAUU yielded the second-best result . Thus, the fi rst duplex was subsequently used for all Among the inhibitors/compounds tested on EPHX1 microsomes, MAFP, an irreversible inhibitor for serine hydrolases, exhibited a very potent inhibition of 2-AG hydrolysis with IC 50 at ‫ف‬ 7.9 nM ( Fig. 5C ) . A series of compounds containing a trifl uoromethyl ketone moiety that inhibit carboxyesterases, OTFP, DDTFP, and DETFP, moderately inhibited 2-AG hydrolysis. MGL inhibitor URB602 ( 31 ) and FAAH inhibitor URB597 ( 32 ) only inhibited 2-AG hydrolysis by EPHX1 microsomes at concentrations >10-100 µM. Other AA-derived MGL inhibitors such as AA-serinol ( 33 ) and AA-dopamine ( 34 ) also had low potency for inhibition of 2-AG hydrolysis by EPHX1 microsomes. Oleamide, a sleep-inducing factor that binds and is hydrolyzed by FAAH ( 35 ), minimally inhibited 2-AG hydrolysis by EPHX1 microsomes. The inhibition of 2-AG hydrolysis by MGL and FAAH inhibitors at high concentrations suggests that these inhibitors exhibit a weak inhibition of 2-AG hydrolysis by EPHX1.
DISCUSSION
These results demonstrate that microsomes overexpressing EPHX1 metabolize 2-AG to free AA and glycerol. siEPHX1 HepG2 cells ( Fig. 3A , right panel) and the membrane fractions of siEPHX1 LNCaP cells ( Fig. 3B , right  panel) as compared with the control and siControl membrane fractions.
Second, PC-3 cells were transfected with the EPHX1 cDNA to increase EPHX1 expression. EPHX1 expression in the membrane fraction of PC-3 cells signifi cantly increased after transfection with EPHX1 cDNA as compared with control and vector-transfected cells ( Fig. 3C , left panel) . The 2-AG hydrolysis in the membrane fractions of PC-3 cells overexpressing EPHX1 increased as compared with the membrane fractions of the control and vector-transfected cells ( Fig. 3C , middle panel) . Furthermore, the cSO hydrolysis by the membrane fractions was determined. The cSO hydrolysis in the overexpressed EPHX1 markedly increased above the control and vector-transfected membranes ( Fig. 3C ,  right panel) . These results indicated that transfection with EPHX1 cDNA markedly increased the EPHX1 protein and cSO hydrolysis activity. Despite a very low endogenous expression of EPHX1 protein in PC-3 cells, these cells have a relatively high 2-AG hydrolysis ( 28 ) in the control cells. Other enzymes metabolizing 2-AG contributed to 2-AG hydrolysis as refl ected by the smaller increase of 2-AG hydrolysis than the increase of cSO hydrolysis ( Fig. 3C ) .
The 2-AG hydrolysis in intact PC-3 cells overexpressing EPHX1 was also determined. These intact cells were pretreated with JZL184 to block MGL activity. EPHX1 expression was markedly increased in PC-3 cells overexpressing EPHX1 as compared with the control or vector-transfected cells ( Fig. 3D , left panel) . The 2-AG hydrolysis in intact PC-3 cells overexpressing EPHX1 (as normalized to protein content in samples) increased as compared with the intact control and vector-transfected cells ( Fig. 3D , right panel) .
Kinetics of 2-AG hydrolysis by EPHX1 microsomes
The 2-AG hydrolysis was determined at various 2-AG concentrations at 37°C in pH 7.4 PBS buffer at 10 min of reaction time. The specifi c activity of 2-AG hydrolysis (nmol/ min/mg of protein) in EPHX1 microsomes increased as a function of 2-AG concentrations ( Fig. 4A ) ( Fig. 4B ) . The apparent K m for 2-AG hydrolysis by EPHX1 microsomes was 42 µM.
Pharmacological inhibition of 2-AG hydrolysis
A number of hydrolase inhibitors and compounds that are known to inhibit 2-AG hydrolysis were tested for their ability to inhibit the activity of EPHX1 microsomes. 10-HSA, a selective, partially competitive EPHX1 inhibitor ( 24 ) inhibited the 2-AG hydrolysis in a concentration-dependent manner ( Fig. 5A ). 10-HSA also inhibited the 2-AG hydrolysis in the membrane fractions of PC-3 cells overexpressing EPHX1 ( Fig. 5B ) . It is apparent that 10-HSA inhibition of the 2-AG hydrolysis by EPHX1 microsomes or membrane fractions of PC-3 cells overexpressing EPHX1 is less potent than its inhibition of cSO hydrolysis by rat recombinant EPHX1 ( 24 ) . In HepG2 and LNCaP cells (cells with high abundance of EPHX1), EPHX1-specifi c siRNA markedly decreased EPHX1 protein levels as well as the relative 2-AG hydrolysis. These results strong support the activity of EPHX1 in metabolizing 2-AG.
On the other hand, overexpression of EPHX1 in PC-3 cells increased EPHX1 protein levels and the relative 2-AG hydrolysis as well as a known EPHX1 substrate, cSO, in the membrane fractions. The relative 2-AG hydrolysis was also increased in intact PC-3 cells overexpressing EPHX1 and pretreated with JZL184. The increase of 2-AG hydrolysis in EPHX1 microsomes and membrane fractions of PC-3 cells overexpressing EPHX1 was abolished by a pretreatment with the selective EPHX1 inhibitor 10-HSA. These fi ndings further indicate the role of EPHX1 in 2-AG hydrolysis. The increase of 2-AG hydrolysis in the membrane fractions of PC-3 cells overexpressing EPHX1 was smaller than the increase of cSO hydrolysis. This smaller increase in the relative 2-AG hydrolysis is the result of a higher basal 2-AG hydrolysis (from other enzymes metabolizing 2-AG) than cSO hydrolysis in PC-3 cells.
Interestingly, the well-known EPHX1 substrate cSO blocked 2-AG hydrolysis by EPHX1 microsomes in a concentration-dependent manner. This suggests a competition and/or a modifi cation of the substrate binding site of EPHX1 for 2-AG by cSO. Because EPHX1 contains an ABHD, its esterase activity may be responsible for conversion of 2-AG to free AA and glycerol ( 19, 21, 22 ) . The catalytic residues of Asp107 and His275, located in a hydrophobic environment between the epoxide hydrolase and ␣ / ␤ hydrolase domains, may play an important role in 2-AG hydrolysis and the inhibition by cSO ( 19 ) .
There are a number of serine hydrolase inhibitors that inhibit 2-AG hydrolysis. We previously demonstrated that MAFP potently inhibited 2-AG hydrolysis in prostate carcinoma cells ( 26 ) . In this study, MAFP was a very potent inhibitor of 2-AG hydrolysis in EPHX1 microsomes. A series of carboxyesterase inhibitors such as OTFP, DDTFP, and DETFP were moderately potent inhibitors for EPHX1. These results suggest that the long-chain FA backbone of these compounds may represent a structural requirement for fi tting into the hydrophobic pocket of the catalytic region of EPHX1 and inhibiting 2-AG hydrolysis. Consistent with the cellular localization of EPHX1 to microsomes, the increase of 2-AG hydrolysis in cells overexpressing EPHX1 or the decrease of 2-AG hydrolysis in cells that were treated with EPHX1 siRNA took place only in the membrane fractions. The cytosolic EPHX2 did not hydrolyze 2-AG.
The results from this study provide evidence that EPHX1 has a new enzymatic function to metabolize 2-AG to free AA. This has many biological implications that will require further exploration. EPHX1 hydrolysis of 2-AG has an important role in the regulation of endocannabinoid signaling. In the current study, EPHX1 was highly expressed in LNCaP prostate cancer cells and may therefore reduce 2-AG inhibition of cell migration/invasion and proliferation that we previously observed ( 26, 29, 36 ) . However, the implications go beyond prostate cancer. EPHX1 is highly expressed in the brain and may regulate Two important enzymes hydrolyzing 2-AG, MGL and FAAH, were not detected by Western blot analysis in these microsomes. However, 2-AG hydrolysis occurred in the control and vector-transfected microsomes indicating that there is a contribution from an unknown 2-AG hydrolyzing enzyme(s) in these microsomes. Therefore, the 2-AG hydrolysis in the vector-transfected microsomes was subtracted from the 2-AG hydrolysis in the overexpressed EPHX1 microsomes. The 2-AG hydrolysis at pH 7.4 was similar to the hydrolysis at pH 9.0, with or without an NADPH regenerating system and was also identical in the normoxic and hypoxic conditions. These characteristics support the enzymatic function of EPHX1. 2-AG activity in stress, depression, and pain (37) (38) (39) (40) . Furthermore, free AA is further metabolized by cyclooxygenases, lipoxygenases, and cytochrome P450s to biologically active eicosanoids that mediate infl ammation, vasodilation, vasoconstriction, cell growth, and migration. EPHX1 may participate in an important pathway in these physiological and pathological processes by providing free AA. Interestingly, a recent study demonstrated multiple forms of expression of EPHX1, and the results implicated the multiple roles of EPHX1 in various cells ( 41 ) . In the current study, an EPHX1 form(s) responsible for 2-AG hydrolysis was not characterized, and this possibility deserves future detailed investigation. In conclusion, the highly abundant EPHX1 may possess a broader role in various organs and regulate a larger number of pathophysiological processes than previously recognized.
